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Research Report 

Notes on the natural history of Bougainville’s Skink 

Lerista bougainvillii from basalt plains grasslands near Melbourne 

Grant S Turner 

103 Settlement Road, Bundoora, Victoria 3083 

Abstract 
Observations and data on the appearance, size, habits, behaviour and reproduction of the scmi-fossorial Bou¬ 
gainvilles Skink Lerista bougainvillii from basalt plains grasslands near Melbourne arc described. I.izards were 
active on the ground surface at night (and also cryptically by day) but were otherwise located singly beneath 
stones on loam soil. Significantly more lizards were located beneath stones from October to March compared 
with April to September. Juveniles and sub-adults were rarely encountered. Gravid females were located only 
in summer, eggs from late January to early March and post-ovipositional females from mid-January through 
to early March, Clutch size ranged from 1 to 4 eggs (mode 3, n - 17) and eggs showed considerable variability 
in shape and size within and between clutches. There was no relationship between female size and clutch size, 
but in larger clutches eggs were generally shorter in length. Hatching occurred in late summer through to early 
autumn, and neonate average total length was 51.5 mm (n = 31). Artificial incubation took between 28 and 
49 days. Tail autotomy in adults was high (63%). Adults in captivity showed vigorous aggression towards each 
other. {The Victorian Naturalist 134 (3), 2017, 64-75) 

Bougainvilles Skink Lerista bougainvillii, grasslands, stones, soil, adults, neonates, Keywords: 
eggs, size, tail 

Introduction 
Bougainvilles Skink Lerista bougainvillii is a 
small (length <150 mm), semi-fossorial lizard 
distributed throughout south-eastern SA (Eyre 
Peninsula), much of Victoria, eastern NSW, the 
islands of Bass Strait and the far north-eastern 
tip of Tasmania, where it occupies relatively dry 
habitats that include heath, dry sclerophyll for¬ 
est and open woodland (Rawlinson 1974a; Jen¬ 
kins and Bartell 1980; Ehmann 1992; Larwill 
1995; Hutchinson ct al. 2001; Swan et al 2004; 
Cogger 2014). It is the first vertebrate species 
in which intraspecific reproductive bimodality 
can be claimed with any certainty (Fairbairn 
et al. 1998), with mainland populations ovipa¬ 
rous and insular populations ovoviviparous 
(eggs are retained and hatch internally), and 
this aspect of their life history has been thor¬ 
oughly examined in relation to the evolution 
of viviparity (Qualls and Shine 1995; Qualls et 
al. 1995; Qualls 1997; Qualls and Shine 1998). 
Despite L. bougainvillii being reasonably com¬ 
mon in parts of its range (pers. obs.), very little 
is otherwise known of its natural history and 
much of what is known is either anecdotal or is 
based on relatively small (or unstated) sample 
sizes. 

The observations described in this work con¬ 
cern populations of L. bougainvillii inhabiting 
remnant basalt plains grasslands north and 

north-west of Melbourne. Historically, the spe¬ 
cies is known from these grasslands, though few 
details of their habits arc given (Lucas and Frost 
1894; Batey 1907). Data presented here on the 
appearance, size, habits, behaviour and repro¬ 
duction of L. bougainvillii arc based on observa¬ 
tions of more than 200 individuals lizards in the 
field and also a small group of captive lizards. 

Methods 
Most observations detailed below occurred be¬ 
tween 1989 and 1992 (inclusive) while the au¬ 
thor was engaged in general daytime searches 
for reptiles in grasslands. Populations of L. 
bougainvillii on both public and private land 
in Ihomastown, Bundoora, South Morang, 
Somerton and Craigieburn form much of the 
field observations described below. Other sites 
where the species was observed included the 
Holden Flora and Fauna Reserve (Sunbury), 
Central Creek (Lalor) and remnant grasslands 
in Epping and Mill Park. The Bundoora sites 
were surveyed each month, other sites less of¬ 
ten. Ground cover (mostly stone) was searched 
and loose soil beneath it was probed by hand. 
For each lizard, the following information was 
recorded (where possible): (i) microhabitat; 
(ii) in situ occurrence (i.e. fully exposed, semi- 
exposed and concealed); (iii) general body and 
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skin condition (i.e. milky or pre-slough, post¬ 
slough); (iv) tail condition (i.e. original or re¬ 
generated); (v) the occurrence and nature of 
injuries; and, in adults, (vi) sex (see below) and 
(vii) reproductive condition (i.e. the presence/ 
number of ova/eggs). Monthly search effort 
(number of hours) was variable but essentially 
the same for the periods October to March and 
April to September, closely corresponding to 
the seasons of activity and inactivity in L. bou- 
gainvillii and permitting a comparison of spe¬ 
cies abundance for these periods. 

Measurements of lizards were made only dur¬ 
ing some visits to sites. Snout-to-vent length 
(SVL) and tail length (TL) were measured us¬ 
ing a 150 mm stainless steel ruler to the nearest 
millimetre once skinks had relaxed their bodies 
(i.e. had ceased flexing). For some lizards, head 
length (I IL), from the tip of the snout along the 
midline to the posterior tip of the interparietal 
scale, was measured with a vernier calliper (± 
0.02 mm). Mass was measured using a spring 
balance (± 0.05 g). Lizards were considered 
adult if their SVL exceeded 40 mm (see Qualls 
et al. 1995). Although females are known to 
attain greater lengths than males (they have 
more presacral vertebrae: Greer 1987; Barden 
and Shine 1994), the sex of only some adult 
lizards could be reliably determined owing to 
the lack of any other external secondary sexual 
characteristics. Females were identified by the 
presence of ova/eggs visible through the ventral 
surface, and in some males swollen hemipenes 
were visible through the post-anal ventral sur¬ 
face. Sex could not be determined in immature 
and neonate lizards. Gravid females and adults 
with incomplete tails were excluded from cal¬ 
culations involving mass. The measurement 
of neonates presented greater difficulties due 
to their small size. SVL and TL measurements 
were made by placing neonates in a transpar¬ 
ent clip-seal bag, gently manoeuvring them to 
the bottom of the bag and aligning them with 
the straight-edge of a 150 mm stainless steel 
ruler. Neonate mass was measured using a 
Cent-O-Gram balance to the nearest 0.01 g. For 
each normally distributed variable the mean 
±1 s.d. along with the coefficient of variation 
(CV = s.d./mean x 100%) and sample size (n) 
are quoted. Relative clutch mass (RCM) was 
calculated in captive females by dividing the 
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difference in the pre-partum and post-partum 
female mass by the post-partum female mass. 
This measure, by definition, includes the mass 
of fluids lost during egg-laying, but its accuracy 
requires females to be weighed as close to and 
then immediately after egg-laying occurs. Five 
days was the longest period between measure¬ 
ment and egg-laying; 24 hours was the longest 
period between egg-laying and measurement. 
Eggs were measured within 24 hours of being 
laid; egg length and maximum egg width were 
measured using a vernier calliper (± 0.02 mm) 
and egg mass with a Cent-O-Gram balance to 
the nearest 0.01 g. 

Eight lizards were maintained in captivity. 
After being housed together initially, lizards were 
later housed individually in 300 x 200 x 300 mm 
clear plastic enclosures with approximately 15 
cm depth of loam soil, with a few small basalt 
stones and a thin layer of dried grass on the 
surface. Smaller containers (95 mm in diameter 
and 75 mm deep) were used to house neonates 
from the same clutch. Enclosures were heated 
by an overhead 60 W incandescent light globe 
by day (max 35°C directly beneath the source) 
and not at all at night. To observe subsurface 
activity, two adults were temporarily housed in 
a 30 cm deep ‘ant farm’ (with transparent sides 
for viewing) that was filled with loam soil and 
some small stones. Lizards were offered a va¬ 
riety of small arthropods and insect larvae as 
well as pieces of soft fruits. The substrate was 
mist sprayed weekly. Eggs were incubated in 
the same loam substrate in which they were 
laid and were heated during daylight hours 
only (temperatures did not exceed 28°C at the 
surface). 'Ihe substrate was mist sprayed every 
few days and the eggs were inspected weekly by 
briefly removing the covering soil. 

Data analysis 
Data were analysed using Statistica (V. 12). 
Measurement data from adult and neonate size- 
classes were normally distributed but pooled 
data were not, owing to the lack of lizards with 
mid-range SVL measurements. 'Ilierefore, non- 
parametric statistics were employed to analyse 
pooled data. These included Kendall’s tau (x), 
which measures the strength of the relation¬ 
ship between pairs of variables, and Theil-Sen 
linear regression (using KTRLine V. 1; Granato 
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2006) to determine the linear relationship be¬ 
tween variables. The 95% confidence interval 
(Cl) for the slope of these relationships is given. 
The Chi-squared statistic was employed to ana¬ 
lyse frequency data. In determining the average 
value of each egg/neonate variable, individual 
egg/neonate measurements were treated as in¬ 
dependent data points; however, in examining 
the relationship between variables, the clutch- 
average of each variable was used. 

Observations 
A total of 233 separate field observations of in¬ 
dividual L. bougaitivillii occurred, and 88 cap¬ 
tured individuals were measured in the field. 
Additionally, observations were made of 31 
captive-born neonates. 

Adults 
Variation in colour and pattern was limited 
mainly to the distribution and extent of dark 
brown flecking on the ventral surface, tail and, 
to a much lesser extent, the dorsal surface. Tail 
colour was typically pale orange or orange- 
yellow on the lower lateral and ventral surfaces. 
The body ventral surface was mainly white with 
varying degrees of brown flecking; the central 
region of individual scales was white but trans¬ 
parent around the periphery. 

The size of adult skinks is given in Table 1. 
Adult mass showed the greatest variability, 
followed by tail length (CVs 21% and 12% re¬ 
spectively). Adult skinks with regenerated tails 
were commonly observed (46 of 73; 63%). In 

only four of these individuals (8.7%) did tail 
regeneration appear complete (i.e. of similar 
length to the presumed original tail), indicat¬ 
ing that complete tail regeneration is probably 
a relatively slow process or perhaps not always 
achieved. In at least five individuals there were 
multiple episodes of tail regeneration (sec¬ 
ondary n = 3; tertiary n = 2). The regenerated 
portion of the tail was markedly different in 
appearance from the original in: (i) scale ar¬ 
rangement and shape—scales on regenerated 
tales had a blunt leading edge; (ii) the complete 
absence of a lateral band; and (iii) colour—the 
original tail was deeper orange with a darker 
dorsal surface. In four adults the regenerated 
tail was much thicker and tapered more rapidly, 
resulting in a tail that was shorter than those of 
similar-sized adults with original tails. 

Gravid females 
The bodies of late-term gravid females were 
noticeably distended when viewed from above, 
and, in some females, the partial outlines of 
individual eggs were visible along the flanks. 
Eggs (and sometimes viscera) and blood vessels 
were clearly visible through the ventral surface 
of gravid females. This occurred because the 
eggs distended the skin of the ventral surface, 
exposing more of the transparent overlap be¬ 
tween scales (Fig. 1). In non-gravid and post- 
ovipositional females, the ventral surface was 
only slightly translucent. Eggs were estimated to 
occupy between one- and three-quarters of the 
ventral surface area. Gravid females were quite 

Table 1. Measurements of snout-to-vent length (SVL), original tail length (TL), head length (HL) and mass in 
adult and neonate Bougainvilles Skinks Lerista bougainviuii. Given is tne mean ± 1 s.d., minimum and maxi¬ 
mum values and sample size (n). Original TL for gravid females was not included due to small sample size. 
Neonate HI. was not measured. 

SVL (mm)_TL (mm)_HL (mm)_Mass (g) 

Adults Mean 56.4 ± 5.06 
Min-Max 42-65 
Sample size n = 69 

Gravid Mean 59.3 ± 2.58 
females Min-Max 54-62 

Sample size n = 17 

Neonates Mean 25.8 ± 1.04 
Min-Max 23.5 - 28 
Sample size n = 31 

63.7 ± 7.68 6.41 ±0.252 2.00 ± 0.430 
49-86 5.90 - 6.82 1.18-2.94 
n = 27 n = 24 n = 21 

_ 6.43 ± 0.237 2.37 ±0.419 
- 5.90 - 6.80 1.51-3.08 
- n = 15 n = 15 

25.6 ± 2.39 _ 0.24 ± 0.023 
22-28 - 0.18-0.32 
n = 31 - n = 31 
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Fig. 1. View of the ventral surface of a gravid female Bougainvilles Skink Lerista bougainvillii with three eggs 
(indicated by arrows). 

quick and agile in their movements, despite the 
extra mass they carried, but in practice were 
more easily captured than other individuals. 

Gravid females were located in the field from 
mid-December through to mid-February (n = 
21). The size of gravid females is given in Table 
1. Most had incomplete regenerating tails (12 
of 18; 67%). The abdominal surface of post-ovi- 
positional females was sunken in appearance 
for up to three weeks after egg deposition (n = 
11 captive females). Post-ovipositional females 
were located in the field from mid-January 
through to early March (n = 16). 

Eggs 
Both in the field and in captivity there was no 
indication that females constructed nests to de¬ 
posit eggs; instead the eggs were laid in the soil 
as the female moved through it. Eggs were gen¬ 
erally deposited separately but within 5-20 mm 
of each other and at depths ranging from 10-70 
mm below the soil surface (n = 24). In captivity 
eggs were deposited from 25 January through 
to 15 February (n = 12). Clutches of eggs in the 
field were located from 24 January through to 5 
March (n = 15). 

Eggs had a pliable, semi-translucent white 
shell. In diffuse natural light the contents ap¬ 
peared pale orange (as viewed through the 
shell). rIhey were highly variable in size but 
generally were elongated, with egg length 

approximately twice the (maximum) egg width 
(Table 2). Significant variability in egg size and 
shape was evident both within and between 
clutches. About half of all eggs (15 of 29; 52%) 
exhibited significant asymmetries: some lacked 
symmetry along the polar axis (n = 6 from 5 
clutches), but more frequently the asymmetry 
was apparent at the poles, which showed mark¬ 
edly different degrees of rounding (n = 15 from 
10 clutches). This asymmetry persisted during 
incubation and usually became more accentu¬ 
ated as egg volume increased. Some eggs (n = 
9 from 6 clutches), located in the field and also 
in captivity, were not fully turgid and had single 
indentations. In one clutch of four eggs, a pair 
was joined pole to pole by a thin 6 mm long 
thread. In another clutch, one egg had a small 
thread at one of its poles. In two clutches (of 
three eggs), a pair of eggs had adhered to each 
other. In one clutch, all eggs developed trans¬ 
parent patches during incubation and these 
persisted through to hatching. 

Clutch size varied from one to four eggs 
(mean 2.8, mode 3; Fig. 2 and Table 2). Egg size 
showed significant variability in all measure¬ 
ments (CVs: length 7.5%; width 11.1%; mass 
28.6%). Eggs laid in captivity hatched between 
3 March and 3 April (n = 31). All eggs from the 
same clutch emerged within a 36-hour period 
(most within 24 hours). There was no relation- 
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Fig. 2. Clutch size frequency in Bougainvilles Skink 
Lerista bougainvillii (n = 17). 

ship between SVL and clutch size (t = -0.099, P 
= 0.579, n = 17). Clutch-averaged egg lengths 
decreased as clutch size increased (clutch size 
= -0.735 x egg length + 15.277, slope 95% Cl 
-1.205 to -0.080; T = -0.474, P = 0.010, n = 16; 
Fig. 3); there was a weak, positive relationship 
between clutch-averaged egg widths and clutch 
size (t = 0.354, P = 0.053, n = 16), but no rela¬ 
tionship between clutch-averaged egg masses 
and clutch size (t = -0.022, P = 0.908, n = 15). 
The incubation length for clutches varied from 
4 to 7 weeks (Table 2). One clutch incubated at 
room temperature took 63 days, and was exclud¬ 
ed from the average in Table 2. The RCM values 
varied more than two-fold (Table 2, CV 25%). 

Neonates 
Neonate appearance was similar to that of 
adults; however the dorsal and lateral pattern 
was more strongly contrasting and the tail 
colouration much more vivid. The entire tail 
(including the dorsal surface) was uniform 
orange-red (Fig. 4). The body ventral surface 
was transparent. Many neonates possessed an 
upward extension of the lateral stripe onto the 
head to form a cusp above the tympanum (on 
both left and right sides). Small dark brown 
flecks also occurred on the head and snout of 
some neonates and commonly either side of the 
midline, forming thin longitudinal stripes. 

Neonate SVL and TL were approximately 
equal, there being at most a 1 mm difference in 
individuals (Table 1). There was little variation 
in both SVL and TL, but mass varied consid¬ 
erably (CV 9.6%). Total neonate length ranged 
from 46-55 mm, with a mean of 51.5±2.07 mm 
(n = 31). 

Relationship between size variables 
Measurement data from adults, sub-adults and 
neonates combined exhibited a strong linear 
relationship between SVL and TL (TL = 1.250 
x SVL - 6.750, slope 95% Cl 1.142 - 1.406; t 

= 0.739, P <0.0001, n = 55), and also between 
the natural logarithm of both SVL and Mass 
(In(Mass) = 2.579 x ln(SVL) - 9.738, slope 95% 
Cl 2.462 - 2.688, T = 0.731, P<0.0001, n = 94). 

Table 2: Reproductive data for Bougainvilles Skink Lerista bougainvillii. Given is the mean ± 1 s.d., minimum 
and maximum values and sample size (n). 

Length (mm) Max. Width (mm) Mass (g) 

Egg size Mean 
Min-Max 

Sample size 

12.9 ±0.97 
10.6-15.5 

n = 46 

7.0 ± 0.78 
6.0 - 9.3 
n = 46 

0.36 ±0.103 
0.19-0.72 

n = 46 

Clutch size Mean 
Min-Max 

Sample size 

2.8 ± 0.90 
1-4 

n = 17 

Incubation 
length (days) 

Mean 
Min-Max 

Sample size 

38 ± 6.5 
28-49 
n = 12 

Relative 
clutch mass 

(RCM) 

Mean 
Min-Max 

Sample size 

0.48 ±0.119 
0.29 - 0.65 

n= 11 
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Fig. 3. Plot of the clutch-averaged egg length versus clutch size in Bougainvilles Skink Lerista Bougainvillii 
(n=17). 

Fig. 4. Neonate Bougainville’s Skinks Lerista bougain¬ 
villii with their distinctive orange-red tails on a natu¬ 
ral loam soil surface. 

The weak linear relationship between SVL and 
HL is likely due to the difficulties in obtaining 
accurate, repeatable measurements of HL (HL 
= 0.023 x SVL + 4.967, slope 95% Cl 0.002- 
0.050; t = 0.311, P<0.03,n = 25). 

Field observations 
The small-scale distribution of L. bougainvil¬ 
lii in basalt plains grasslands appeared to be 
largely determined by soil type (Turner 2014). 
Heavy clay soils (Mooleric clays) are the domi¬ 
nant soil type in the region, and include the 
black clays of the northern grasslands and the 
red clays of the grasslands west of Melbourne. 
The species did not occur in heavy clay soils 
but, instead, its preference was for loam soil 
(Corangamite stony loams) whose patchy dis¬ 
tribution in grasslands was mainly associated 
with stony rises and escarpment lining creeks. 
Almost all lizards were located in loam soil that 
was friable, chocolate brown in colour, well- 
drained and had a surface layer which, when 
dry, was hydrophobic. Two exceptions were 
adult lizards located amongst loose dry black 
clay soil beneath stones within 3 m of loam soil 
habitat. 
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By day L. bougainvillii were typically found 
beneath relatively small surface stones (max. 
length<400 mm, and as small as 100 x 70 x 10 
mm) rather than large, deeply imbedded stones 
(n<10). Most individuals located beneath 
stones were in soil cavities where they lay 
completely visible, or in burrows sometimes 
completely concealed, but typically with parts 
of the body or tail visible. Burrows appeared to 
extend across the soil surface, some more than 
60 cm long and to depths of up to 15 cm (see 
Turner 2014). Sometimes lizards fled across 
open ground and sought refuge beneath nearby 
stones. On at least nine occasions individuals 
were observed to have returned to their origi¬ 
nal stone within an hour of being disturbed. At 
least seven lizards were located beneath small 
stones resting on shallow soil accumulations 
(<10 mm depth) in exfoliating basalt on stony 
rises. One adult lizard was located perched 
approximately 100 mm above the ground on 
dead grass beneath a buckled sheet of corru¬ 
gated iron; this lizard was warm to touch and 
quick to react to disturbance on a day when 
lizards beneath stones were quite slow to re¬ 
act. Lizards were located beneath small stones 
(max. length <150 mm; thickness <10 mm) 
directly exposed to the sun, and also at the sun¬ 
lit edges of larger stones during warm weather, 
where they were located 5-20 mm below the 
surface (n = 18). The temperature beneath some 
of the small stones regularly exceeded 40°C (in 
summer), and skinks in the soil beneath them 
were very quick to react and warm to touch. 
Only one instance was recorded of an adult 
L. bougainvillii moving on the ground surface 
during daylight hours (4.36 pm, mid-April); it 
was found amongst low cropped grass in stony 
rise habitat less than 2 m from the nearest sur¬ 
face stone. 

Lizards were located beneath stones in all 
months of the year, with the largest numbers 
found in January (n = 61) and February (n = 
37). More lizards were encountered during the 
warmer months (October to March) compared 
to the cooler months (April to September; 133 
vs 74), and this difference is statistically sig¬ 
nificant when compared with expected equal 
frequencies (x2 = 8.01, ldf, P = 0.005). From 
April through to September lizards were often 
found in a semi-torpid condition, remaining 

motionless until touched, when they would 
burrow into the soil; this was sometimes ob¬ 
served when unseasonally cool conditions oc¬ 
curred in other months of the year (cf. Green 
1965). Different individuals were located be¬ 
neath the same stones at different times of the 
year and in successive years. Philopatry was 
evident during the April to September period 
when the same individuals were located mul¬ 
tiple times beneath the same stone due to their 
inactivity (n = 19). 

Nearly all L. bougainvillii were located singly 
beneath stones. There were five instances where 
two adult lizards were located beneath the same 
stone, but on each occasion they were more 
than 100 mm apart and possibly unaware of 
each others presence. There was one instance 
of two adults and a neonate being located be¬ 
neath the same stone in early summer. Lizards 
were located beneath stones that also provided 
refuge for other species of lizards and snakes. 
In one instance two Garden Skinks Lamprop- 
holis guichenoti were located within 2 cm of 
an adult L bougainvillii beneath a stone. There 
were eleven instances of L. guichenoti being lo¬ 
cated around the edge of stones occupied by L. 
bougainvillii and four instances where Tussock 
Skinks Pseudemoia pagenstecherii were beneath 
the same stones as L. bougainvillii. Four sepa¬ 
rate occurrences of adult L. bougainvillii being 
found beneath the same stone as adult Little 
Whip Snakes Parasuta Jlagellum were recorded, 
and two instances of an adult L. bougainvillii 
being found beneath the same stone as juvenile 
and sub-adult Eastern Brown Snakes Pseudon- 
aja textilis textilis. In addition, an adult L bou¬ 
gainvillii was located beneath a stone that was 
occupied by a juvenile Lowland Copperhead 
Austrelaps superbus. These occurrences were 
during the winter months when both snakes 
and lizards were inactive. Snakes were located 
more than 150 mm from lizards. At other times 
of the year, all three snake species were found 
beneath stones previously occupied by L bou¬ 
gainvillii, and vice versa, indicating that shared 
but non-overlapping occupancy of stones was 
common. 

The number of juveniles and sub-adult liz¬ 
ards (i.c. SVL <40 mm) captured was small 
(6 of 88; 6.8%), and of all lizards observed 
but not captured they amount to 9%. Eighty- 
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four percent of lizards captured had SVLs >50 
mm. Neonates with SVLs 25-29 mm were 
located in late January (n = 3) and mid-Febru¬ 
ary (n = 1). 'Ihe occurrence of two sub-adults 
in February and April (SVLs <40 mm) as well 
as juveniles in August (n = 2; SVL = 30 mm for 
both) indicates that adult size is probably not 
attained until at least 18 months of age. 

In the field, adults were located in either 
pre- or post-slough condition in late January 
and mid-February (n = 6). Adults were also 
found with pre-slough rostral and nasal scales 
(located on the snout) at various times of the 
year, indicating that these scales are shed more 
frequently than scales on all other surfaces 
(n = 23). Given that the snout is used when 
burrowing through and into soil, it is likely sub¬ 
ject to the greatest wear, which may account for 
its apparently higher frequency of shedding. 

Lerista bougainvillii seem able to tolerate 
substantial habitat disturbance, including 
changes in surface vegetation and the removal 
of surface stones. In grasslands to the north 
of Melbourne, where stony rise habitat had 
been colonised by dense stands of introduced 
Gorse Ulex curopeausy the species occurred 
despite substantial shading of the ground layer 
and rock outcrops. Skinks were also located in 
grasslands where there was significant grazing 
by sheep and cattle, resulting in vegetation on 
stony rises being cropped almost to ground 
level, and also in some grasslands where much 
of the surface stone had been removed. 

Post-ovipositional females with eggs 
On visits to two sites in late January and in 
mid-February, 12 post-ovipositional females 
were located beneath stones with eggs buried a 
short distance (<100 mm) from them. Females 
and eggs were located beneath relatively small 
surface stones (maximum length <400 mm) ly¬ 
ing on loam soils. In each instance females were 
lying partly concealed in soil when stones were 
lifted, and reacted quickly by either burrowing 
into the soil or fleeing across the surface and 
taking refuge beneath nearby debris. At the site 
visited in late January, eggs appeared to have 
been deposited no more than two weeks earlier 
(given their size) and there were three clutch¬ 
es. Five other females located at this site were 
heavily gravid. At the second site, initially vis¬ 

ited in mid-February, eggs from three clutches 
were located with females nearby. In two of the 
clutches the eggs were considerably larger than 
those examined at the previous locality (and 
were thus presumably laid earlier), whereas the 
eggs of a third clutch appeared to be recently 
laid. Both gravid (n = 2) and post-ovipositional 
females (n = 2) were located at this site. In four 
follow-up visits to the second site (the last being 
in mid-March) a further six females with re¬ 
cently laid eggs were located. The three females 
located initially in mid-February (identified by 
their tail condition) were found beneath the 
same stones on each occasion; other females 
with eggs were not checked in order to avoid 
disturbance. On the last visit, females were not 
located but eggshells with neat slits toward the 
pole were located beneath two of the stones, in¬ 
dicating that hatching (rather than predation) 
of eggs had occurred. 

Observations in captivity 
Captive lizards were active during daylight 
hours, but only beneath the soil and ground 
cover. When ground cover was checked dur¬ 
ing the day lizards were often seen beneath 
it, only to disappear and then reappear hours 
later. Lizards moved through the soil during the 
day; this was sometimes directly observed and 
at other times indirectly through disturbances 
in the surface soil—see Swan and Watharow 
(2005) for similar observations in the field. Liz¬ 
ards were observed moving through soil using 
lateral movements of the head and also lateral 
undulations of the body and tail (or swimming 
as it is usually described in Lerista spp.). The 
limbs were sometimes tucked-in against the 
body but at other times were used to gain pur¬ 
chase on debris (such as small stones) beneath 
the soil. The head was also observed moving re¬ 
peatedly up and down (in the vertical plane) on 
occasions when lizards were moving through 
soil close to the surface. During handling, and 
also when attempting to move underneath 
stones or through substrates that offered great¬ 
er resistance, the head and neck were used in 
a cantilever fashion to apply considerable force 
(for the size of the lizard). 

Despite the provision of an overhead light/ 
heat source, no lizards were ever observed to 
bask openly on the surface of the soil. Lizards 
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‘basked’ directly below the heat source typically 
5-15 mm below the soil surface. After some 
weeks in captivity it was noticed that lizards 
were positioned below the heat source hours 
before it was switched on each day. Surface ac¬ 
tivity typically commenced at twilight during 
the warmer months and would continue into 
the early hours of the morning, but was not ob¬ 
served at all during cooler months. 

Lizards fed during the day and also at night. 
They fed on the larvae of ants, earthworms, 
earwigs, Black Field Crickets Teleogryllus corn- 
modus and also mealworms; some were also 
observed lapping small pieces of banana. Often 
lizards were observed with just their heads pro¬ 
truding from small circular burrow entrances 
(5-7 mm diameter) on the soil surface during 
daylight hours. They promptly retracted into 
their burrows when approached. Live food 
placed near a burrow entrance was usually 
seized and either consumed at the surface or 
retracted into burrows where, presumably, it 
was consumed. On two occasions when live 
crickets were placed in an enclosure, the adults 
hunted them on the surface. While hunting, 
they were observed to intermittently wriggle 
(laterally) the distal third of their tails. Adults 
sloughed between 7 and 10 February (n = 8) 
and reproductive females sloughed in late 
March, several weeks after egg laying (n = 9). 

Captive observations indicate that adults (of 
both sexes) are aggressive towards each other. 
The aggressor exhibited slow, rhythmic lateral 
undulations of the tail (similar to those ob¬ 
served when hunting, as described above) im¬ 
mediately prior to rapidly lunging at and fran¬ 
tically biting the other individual. There were 
no serious injuries, but these would likely have 
occurred if adults had been left together in the 
same enclosure over a period of days. The inju¬ 
ries that did result were superficial scale dam¬ 
age, particularly around the flanks, the tail and 
tail base, sometimes resulting in minor bleed¬ 
ing. Tail autotomy did not occur in any of these 
encounters. Skinks were separated as soon as 
this aggressive behaviour became apparent. No 
aggression was observed between neonates. 

Discussion 
Most of the quantitative results in this work 
are in close agreement with those determined 

in previous studies of oviparous populations of 
L. bougainvillii. The adult, gravid female and 
neonate body sizes all fall within previously 
determined ranges (Greer 1989; Qualls and 
Shine 1995; Qualls et al 1995). Mean neonate 
total length was substantially smaller in this 
work compared with a previous study; how¬ 
ever, neonate mass was the same (SVL = 51.5 
vs 57.9 mm, Qualls and Shine 1995). Ovipa¬ 
rous (mainland) populations are known to lay 
between one and four eggs in a clutch (Smyth 
and Smith 1974; Greer 1989), and this was con¬ 
firmed also in L. bougainvillii inhabiting basalt 
plains grasslands. The mean RCM determined 
in this work differed markedly from the value 
found by Qualls and Shine (1995), but their 
value is based on a much larger sample size and 
also has a larger variance. The length of the in¬ 
cubation period determined in this work had 
a much greater range (21 vs 6 days) than in a 
previous study (Qualls and Shine 1998), but 
this difference can probably be accounted for 
by the eggs in that study being incubated at a 
constant temperature (25°C). The trend for 
larger clutches to have smaller (shorter) eggs 
is consistent with egg length being constrained 
by female SVL; the weak trend for egg width 
to increase with increasing dutch size suggests 
a trade-off between egg length and width. The 
timing of the occurrence of gravid females and 
eggs in the field and in captivity indicates that 
only one clutch of eggs is laid per year. 

By day L. bougainvillii have been recorded in 
loose or sandy soil beneath ground cover con¬ 
sisting of stones, logs, leaf litter and mats of 
vegetation (Lucas and Frost 1894; Green 1965; 
Rawlinson 1974a, b; Smyth and Smith 1974; 
Emison ct al. 1978; Jenkins and Bartell 1980; 
Ehmann 1992; Hutchinson ct al. 2001). A limi¬ 
tation of this study was the method by which 
lizards were located (e.g. by turning stones), 
and this limitation prompts two questions: (i) 
why do L. bougainvillii burrow beneath stones? 
and (ii) do L. bougainvillii occupy other micro¬ 
habitats in grasslands away from stones? Basalt 
stones are likely to be an attractive microhabi¬ 
tat for L. bougainvillii because: (i) they act as 
heat sinks, providing a heat source for lizards 
when there is little or no solar radiation (i.e. at 
night); (ii) they can provide a dry soil refuge 
when surrounding soil is saturated; and (iii) 
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they may also provide shelter for potential prey. 
It is likely, however, that other microhabitats in 
grasslands are used by L. bougainvillii at certain 
times of the year. Smyth and Smith (1974) lo¬ 
cated specimens on shell-grit dunes in South 
Australia, under clumps of the Black-anther 
Flax Lily Dianella revoluta, a plant species 
which also occurs in Werribee-Keilor plains 
grasslands. Leaf litter accumulations occur be¬ 
neath shrubs such as the Tree Violet Hymenan- 
thera dentata, Sweet Bursaria Bursaria spinosa 
and the larger Drooping She-oak Allocasuarina 
verticillata, all of which grow on loam soils pre¬ 
ferred by L. bougaitivillii and create potentially 
suitable microhabitats. Raking this debris on 
suitably warm days may provide an alternative 
means of locating L bougainvillii in grasslands. 

There are no published field observations 
of L. bougainvillii being active in the open by 
day, but there is one observation (apart from 
this study) indicating that the species is active 
in surface litter by day (Metcalfe and Peterson 
2007). The capture of specimens in pitfall traps 
left in overnight (e.g. Emison et al. 1978; Norris 
et al. 1979) indicates that they are active on the 
ground surface during evenings. Captive ob¬ 
servations in the present study indicate surface 
activity commencing at twilight and continu¬ 
ing late into the evening. Ehmann (1992) has 
observed L. bougainvillii ambushing prey that 
enters their retreat site, though it is not known 
if the observation occurred in the field or in 
captivity. In any case, this observation is very 
similar to the daytime observations of captive 
L. bougainvillii described in this work, and in¬ 
dicates that these lizards may be lying in am¬ 
bush for prey during the day, employing a ‘sit 
and wait’ feeding strategy. Lerista bougainvillii 
could therefore be described as both cryptically 
diurnal and nocturnal. 

As a thigmotherm, it is stated that L bou¬ 
gainvillii thermoregulates by moving between 
subsurface layers of soil and objects lying on 
the surface and, furthermore, that during unfa¬ 
vourable conditions, it retreats deeper into the 
soil or below larger (more deeply embedded?) 
stones or logs, where it remains inactive (Raw- 
linson 1974a, b; Smyth and Smith 1974; Qualls 
and Shine 1998). Observations in this work indi¬ 
cate that lizards (both in the field and captivity) 
seek the warm soil layer near the surface during 
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months when they are active, and remain largely 
or entirely concealed. The high critical thermal 
maximum recorded for L. bougainvillii (43.8°C, 
Greer 1980) may allow lizards to tolerate high 
substrate temperatures during warmer months. 
The observation that significantly fewer indi¬ 
viduals were located during the cooler months 
is consistent with a retreat deeper into the soil 
or else a movement away from surface debris. 
Rawlinsons (1974a, b) observations are of Tas¬ 
manian populations of L. bougainvillii, which 
presumably experience lower soil temperatures 
during winter and hence may find it necessary to 
retreat deeper into the soil to avoid critically low 
temperatures. 

Lerista bougainvilliis remarkable strength 
for their size has been noted by some authors 
(Barden and Shine 1994; Qualls and Shine 
1998; Hutchinson et al. 2001). This strength 
and flexibility is evident in: (i) their body (and 
to a lesser extent the tail), especially their abil¬ 
ity to rapidly flex the body laterally and also 
to twist their body longitudinally in spiralling 
fashion; (ii) their head and neck—both vertical 
and horizontal movements; and (iii) their jaws, 
which can apply considerable force and grip. 
The strength of the jaws was also evident in 
their ability to inflict abrasions on the smooth, 
glossy scales of conspecifics. The strength of the 
body, neck and head appear to be adaptations to 
the lizards’ fossorial habit, presumably assisting 
movement through the soil and enabling lizards 
to negotiate through and around obstacles with¬ 
in it. The strength of their bite may reflect the 
type of prey they consume. Barden and Shine 
(1994) found that females tend to feed on sur¬ 
face-active prey (primarily hemipterans); males 
showed a preference for smaller, secretive prey 
(especially weevils). Whether this difference 
in diet is reflected in a corresponding differ¬ 
ence in the force of the bite between the sexes 
is not known. Although their bodies are quite 
small, the strength of their bite and the ability to 
rapidly twist their bodies means they would be 
capable of inflicting significant damage on both 
conspecifics and perhaps on some predators. 

Intraspecific aggression between adults of 
both sexes has some obvious implications for 
the occurrence of individuals in the field. Adult 
cohabitation beneath stones was not expected 
and was rarely observed. Given the strength 
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with which individuals can bite, one would ex¬ 
pect to see evidence of intraspecific aggression, 
such as scuffed or abraded scales, and damaged 
limbs and tails, if cohabitation were a common 
occurrence in the field. There was a high pro¬ 
portion of adults with autotomised tails (also 
noted by Qualls and Shine 1998), but scale and 
limb damage were not seen at all in conjunc¬ 
tion with this. Furthermore, none of the in¬ 
traspecific aggression that occurred in captiv¬ 
ity resulted in tail autotomy. Adults are highly 
aggressive towards each other, but it seems 
that only rarely do such interactions occur 
in the field and, presumably, they avoid each 
other most of the time. The large proportion 
of lizards with regenerating tails is therefore 
most likely attributable to attempted predation 
rather than to intraspecific aggression. Metcalfe 
and Petersen (2007) witnessed an instance of 
predation by an adult scolopendrid centipede. 
These centipedes are common beneath stones 
in grasslands where L. bougainvillii occur, and 
during winter they are occasionally located be¬ 
neath the same stones as lizards (pers. obs.). 
Advice to lizard keepers about maintaining and 
breeding Lerista spp. states that ‘it is possible 
to keep a small group of 4-6 lizards together in 
one enclosure without any fighting occurring 
between them' (Fyfe 2008: 366), which suggests 
that intraspecific aggression is not common to 
all (or most?) members of the genus. Determin¬ 
ing why L bougainvillii exhibit intraspecific 
aggression (and other Lerista spp. do not, if that 
is the case) may help to explain other aspects of 
the species’ natural history. 

The genus Lerista contains approximately 90 
species—93 spp. listed by Cogger (2014). Of 
these, brightly coloured tails occur in juveniles 
of some 20 species and in some adults of these 
species. (There may be more species, but this 
characteristic is not used in species’ diagno¬ 
ses and is often omitted from descriptions in 
Cogger, 2014). In most species the bright tail 
colouration of juveniles becomes more sub¬ 
dued or completely disappears with maturity. 
This phenomenon is known to occur in other 
skink genera and lizard families (Pianka and 
Vitt 2003; Bateman and Fleming 2009). Inves¬ 
tigations into the function of brightly coloured 
tails have tested several hypotheses: (i) they 
attract predator attention to the tail (through 

both colour and, in some species, movement, 
e.g. Cooper 2001) which is then readily autot¬ 
omised and hence permits the lizard to escape; 
(ii) they advertise unpalatability to predators 
(i.e. are aposematic); (iii) they advertise lizards’ 
awareness of the presence of predators; and (iv) 
they signal subordination to conspecifics (see 
Arnold 1984; Cooper and Vitt 1985; Bateman 
and Fleming 2009 and references cited there¬ 
in). Of these, the predator escape hypothesis is 
the most widely supported explanation for the 
occurrence of brightly coloured tails. It is no¬ 
table that lizard species subject to these inves¬ 
tigations were diurnal, terrestrial in habit, and 
the tail was often wriggled or prominently ad¬ 
vertised as lizards moved on the surface. Such 
behaviours were not seen in L. bougainvillii. If 
it is assumed that the purpose of a brightly col¬ 
oured tail is to visually attract attention (of con- 
specifics or predators), then the question arises 
as to why brightly coloured tails should occur 
repeatedly in Lerista species, which are mainly 
nocturnal, fossorial and relatively inconspicu¬ 
ous in their daytime movements, The observa¬ 
tions of L. bougainvillii in this work indicate 
that tail wriggling was employed in two con¬ 
texts: when stalking live prey and in fighting 
other adults. This suggests the tail may be used 
as a diversion, although the brightly coloured 
underside was not visible; however, I have ob¬ 
served similar tail movements in other skink 
species (and genera) that do not have brightly 
coloured tails. A detailed study of the natural 
behaviour and activity patterns of L. bougain¬ 
villii is needed to resolve this question. 

The field observations of post-oviposilional 
females being located a short distance from 
eggs may indicate that females guard their 
eggs. It is unusual for L. bougainvillii to show 
philopatry during months of activity, especially 
post-ovipositional females, which presumably 
need to regain body condition through active 
foraging. These observations require further 
investigation to confirm their significance or 
otherwise. 

'Hie observed variability in egg shape and 
size (even within clutches) is curious. Most 
oviparous squamates (lizards and snakes) lay 
clutches of eggs of relatively uniform size and 
shape (approximately ellipsoidal). By contrast, 
the eggs of L. bougainvillii are not ellipsoidal 
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but elongated (since egg shape is presumably 
constrained by the females body cavity) and, 
furthermore, many lack the bilateral or polar 
axis symmetries (or both) that are common to 
many skink eggs. 1 suggest that variability in 
egg shape, particularly the occurrence of eggs 
with one pole more rounded than the other 
(as in birds eggs), may result in more efficient 
‘packing of eggs within the females body cav¬ 
ity. For this reason, a uniform egg shape may 
be selected against in order to keep the females 
lateral surface free of‘bumps’ so as not to hin¬ 
der movement through the soil or prevent 
damage to eggs inside the female. 
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Abstract 
The rare Licola Dampiera Dampiera galbraithiana was first collected in 1973, by Evan Chesterfield in the catch¬ 
ment of Victorias Macalister River, and identified by Jean Galbraith as Dampiera scottiana. After subsequent 
collections by JH Willis and AC Beauglehole, MTM Rajput and RC Carolin used Willis’s specimens to describe 
a new species in 1988 and named it in honour of Jean Galbraith. (7he Victorian Naturalist 134 (3), 2017, 76-80) 

Keywords: Dampiera galbraithiana Rajput & Carolin, Jean Galbraith, Evan Chesterfield, 
Macalister River catchment, McMillans Lookout 

Introduction 
Licola Dampiera Dampiera galbraithiana is a 
rare and threatened species endemic to Vic¬ 
toria. It appears to be restricted to a tiny part 
of Victorias eastern highlands near the eastern 
edge of the Macalister River catchment, south¬ 
east of Licola, and is one of three Victorian 
plants named in honour of Jean Galbraith. 

Jean Galbraith was a respected botanist. She 
lived in the Galbraith family home ‘Dunedin 
in the Latrobe Valley township of Tyers. By 
the early 1970s, having written and revised 
her book on Victorian wildflowers (Galbraith 
1967) and prepared another on south-eastern 
Australian wildflowers (Galbraith 1977), her 
botanical interests, knowledge and generosity 
extended far beyond Tyers. 

Collections in 1973 
This taxonomic tale begins in 1973. That year, 
a dampiera was collected near McMillans 
Lookout and Macalister River, which An¬ 
gus McMillan had named after his pastoralist 
employer, Lachlan Macalister. The dampiera 
was collected by Evan Chesterfield, a young 
forester employed by the Forests Commission 
of Victoria, during his survey of the vegetation 
of the Macalister River catchment 

Four years earlier, forests in the catch¬ 
ment had impressed him. While mapping 
post-logging regrowth of Alpine Ash Euca¬ 
lyptus delcgatensis on the western edge of the 
Macalister catchment in 1969, Evan had taken 
the opportunity to drive down into the catch¬ 

ment to inspect unlogged forests (Chesterfield 
pers. comm. 27 April 2016). 

In 1970-71, undergraduate studies for the 
University of Melbourne Bachelor of Science 
in Forestry (BScF) degree furthered Evans for¬ 
est interests—especially ecological studies. The 
ecology lecturer, Dr David Ashton, welcomed 
the knowledge that young foresters brought to 
his classes and excursions and nurtured their in¬ 
terest in Victorias forests (Gillbank 2010). 

Ever keen to encourage ecological research in 
the Botany School, Ashton and Professor John 
Turner organised a postgraduate research grant 
for Evan (Chesterfield 1978: i), who welcomed 
the opportunity to revisit forests that had so 
impressed him in 1969. Under Ashtons super¬ 
vision, he would survey the plant communities 
in the mountainous, species-rich catchment of 
the Macalister River above Glennvaggie Reser¬ 
voir for his masters thesis. With the BScF de¬ 
gree about to be replaced by the Bachelor of 
Forest Science (BForSc) degree, Evan would 
submit his thesis for the Master of Forest 
Science (MForSc) degree. 

Evan spent his Honours year working out 
how he would undertake the vegetation survey, 
and, by the time he graduated BScF(Hons) in 
April 1973, he was busy collecting specimens 
for his massive masters research project. His 
many hundreds of plant specimens are now 
in the National Herbarium of Victoria (MEL). 
The dates and localities recorded on their la¬ 
bels show how widely he collected across the 
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Macalister catchment from September 1972 to 
March 1974, with the spring-summer period of 
October 1973 to January 1974 his most produc¬ 
tive collecting months. 

Seeking help to identify some of his rapidly- 
accumulating collections, Evan contacted Jean 
Galbraith, whom a friend had recommended. 
Warmly welcomed at ‘Dunedin, he was soon ar¬ 
riving regularly with bundles of specimens for 
Jean to identify (Fletcher 2014). In his thesis, 
Evan acknowledged her continued assistance, 
encouragement and interest’ and thanked her 
‘for the unlimited hospitality and fellowship that 
she extended during field work’. He appreciated 
‘her intimate knowledge of the regions flora and 
comprehensive herbarium’ and her ‘identifica¬ 
tion of plant specimens’ (Chesterfield 1978: i-ii). 

Jean discussed some of Evans specimens with 
her long-standing friend, Jim (James Hamlyn) 
Willis (Fletcher 2014: 201). Recently retired 
as Assistant Government Botanist and Acting 
Director of Melbourne’s Royal Botanic Gardens 
and National Herbarium of Victoria, Willis 
would soon be awarded the University of Mel¬ 
bourne Doctor of Science (DSc) degree for his 
two-volume A handbook to plants in Victoria 
(Willis 1970, 1972 [1973]). 

One intriguing specimen was a dampiera 
that Evan spotted south-east of Licola. East of 
the Heyfield-Licola road towards the eastern 
edge of the Macalister catchment, Evan noticed 
dampiera plants that ‘were fairly abundant in 
two or three small areas near McMillan’s Look¬ 
out’, and collected a specimen on 18 June 1973 
(Galbraith 1976). Early in July, Jean wrote to 
Willis about Evans ‘specimens from a dry rocky 
slope south of McMillan’s Lookout and east of 
Burgoync’s Gap’ One of the exciting things 
from that slope’ was a dampiera that had the 

general habit of D. stricta. solitary, axillary, 
small purple flowers with closely appressed 
silvery nairs on back of flower and calyx, pedicels 
longer than D. stricta, leaves different (but badly 
nibbled by something) and with scattered fine 
closely appressed hairs (on both surfaces)... 
(Galbraith to Willis 3 July 1973). 

On the label of Evans specimen (MEL 75409) 
she wrote: 

Flowers relatively small. Hairs on flowers 
simple, silvery white appressed. Leaves with 
appressed white simple hairs on both sides. 
Leaves hardly narrowed to base. 

Later, on her return to ‘Dunedin’ after visiting 
Mavis and Jim Willis, Jean told Evan of Jim’s 
wish to visit the botanically-interesting area 
near McMillans Lookout. Evan was pleased 
and offered to drive him up there in spring 
(Galbraith to Willis 13 July 1973). 

That spring, another botanist was working 
in the area. Cliff Beauglehole was undertak¬ 
ing field work for Victorias Land Conservation 
Council (LCC) in an area that nearly included 
the sites of the dampiera populations. The 
LCC’s Alpine Study Area extended westward 
from the section of the Licola-Heyfield road 
between Burgoynes Gap and Cheynes Bridge to 
the south. Evan took Beauglehole and Willis to 
his June collecting grounds on the eastern side 
of that stretch of road, and they collected the 
dampiera on 20 and 21 October (MEL 503636, 
MEL 75410, MEL 75408, MEL 1564050). 

Figure 1 shows Willis’s dampiera specimen, 
MEL 503636, with collecting details hand-writ¬ 
ten on his small label and typed on a Royal Bo¬ 
tanic Gardens and National Herbarium label. 
The typed label records that Willis collected the 
dampiera on 20 October 1973 ‘On North-South 
forest track ca. 2/4 miles east of Cheynes Bridge 
on Macalister River. (8% miles S.S.E. of Licola).’ 
Also typed on the label is the name ‘Dampiera 
scottiana F.Muell.* 

Finding a name 
Dampiera scottiana is the name under which 
this endemic Victorian dampiera was first 
known and recorded. Victorias government 
botanist, Ferdinand von Mueller, had used New 
South Wales specimens to name and describe it 
in 1881. He also had links with Angus McMil¬ 
lan and Macalister River. Two decades earlier, 
Mueller had twice set out from McMillan’s pas¬ 
toral station, ‘Bushy Park’ on the Avon River, 
for the Macalister River (Gillbank 1992). Since 
he was primarily interested in the river’s sourc¬ 
es rather than the region in which the dampiera 
would be collected, it is not surprising that Mu¬ 
eller collected no specimens himself. 

In search of the taxonomic identity of Evan’s 
June 1973 specimen, Jean examined Dampiera 
collections in MEL. She was puzzled. It resem¬ 
bled no known Victorian species, and appeared 
most like a New South Wales species not re¬ 
corded in Victoria and, at the time, thought to 
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be extinct—Muellers D. scottiana. Intrigued, 
Jean sought taxonomic advice from the 
National Herbarium of New South Wales, and 
was referred to a Dampiera authority, who con¬ 
firmed her determination (Galbraith 1976). 

Dampiera scottiana is recorded on dampiera 
specimen labels and in Evans thesis. And, on 
the label of an Acacia rubida specimen (MEL 
2187758) that Evan collected near McMillans 
Lookout on the day that he collected the damp¬ 
iera, D. scottiana is listed as one of the species 
growing in association with the acacia. 

After examining specimens collected in June 
and October 1973, Jean published the remark¬ 
able new Victorian record for D. scottiana in 
The Victorian Naturalist. She reported that: 

The species, although it resembles in many ways 
our familiar Blue Dampiera Dampiera stricta, is 
more erect and with a somewhat woody base, 
slightly different leaves, and smaller dark blue 
flowers. The really striking difference is the shin¬ 
ing vesture of silver hairs on the flowers, very un¬ 
like the brown hairs characteristic of D. stricta,... 
(Galbraith 1976: 161). 
In his thesis, which earned him the MEorSc 

degree in 1978, Evan recorded D. scottiana as 
a new addition to Victorias flora, and added 
a footnote suggesting that it might be unde¬ 
scribed (Chesterfield 1978: 170, 378, 504). 

By then, the dampiera was considered an un¬ 
described species allied to D. scottiana. In the 
list, ‘Plants Endemic to the Alpine Study Area or 
Adjacent Areas’, in the LCCs report ‘Dampiera 
sp. (afL scottianaY is recorded as occurring ‘15 
km south-east of Licola, just outside study area 
(Land Conservation Council 1977: 82). 

Meanwhile, two botanists were focusing their 
taxonomic attention on the whole genus. RC 
Carolin, from the University of Sydneys John 
Ray Herbarium, and MTM Rajput, from Paki¬ 
stan’s Sind University, were preparing a system¬ 
atic revision of the genus Dampiera. In October 
1977, they examined MEL specimens and de¬ 
cided that those collected south-east of Licola 
in 1973 were of an undescribed species. (They 
could examine the collections of Chesterfield 
and Willis but not Bcauglehole, whose speci¬ 
mens had yet to be incorporated into MELs 
collection.) Deciding to name this new spe¬ 
cies in honour of Jean Galbraith, they wrote ‘D. 
Galbraithiana Rajput 8c Carolin on John Ray 
Herbarium labels, dated them ‘10-10-77’, and 

attached them to the MEL specimen sheets. 
They selected Willis’s specimens as the types 
and wrote ‘HOLOTYPE’ at the top of their la¬ 
bel for MEL 503636 (Fig. 1) and TSOTYPE’ on 
their labels for MEL 75410 and two other dupli¬ 
cates that are now in other Australian Herbaria. 
Now the dampiera had a new name, but it had 
yet to be validly published. Rajput and Carolin 
had still not published the name and descrip¬ 
tion of their new species seven years later, when 
A Census of the Vascular Plants of Victoria was 
first published. So the dampiera is listed as 
‘Dampiera sp. at Licola’ in the 1984 Census. 

In 1984, Beaugleholc was undertaking a botan¬ 
ical survey of die LCC study area that included 
the dampiera—the Gippsland Lakes Hinterland 
Study Area. Adjacent to the Alpine Study Area, 
the Gippsland Lakes Hinterland area extended 
from the stretch of the Licola-Heyfield road be¬ 
tween Burgoynes Gap and Cheynes Bridge east¬ 
ward across the Macalister catchment into the 
neighbouring catchment of the Avon River. 

Eleven years after his 1973 collection, Beau- 
glchole returned to the edge of the Macalister 
catchment near McMillans Lookout and, on 7 
October 1984, collected the dampiera—twice. 
Interested in species conservation as well as 
distribution, he collected the dampiera within 
areas recently recommended by the LCC for 
two reserves that would meet along a short 
stretch of the Macalister-Avon watershed east 
of McMillans Lookout. Beauglehole labelled 
his specimens Dampiera sp. aft', scottiana and 
recorded the collecting localities Stringybark 
Creek Reference Area (MEL 303582) and Avon 
Wilderness Area (MEL 303775). 

In Vie Distribution and Conservation of Vas¬ 
cular Plants in the Gippsland Lakes Hinterland 
area, Beauglehole (1985) acknowledged the in¬ 
valuable help of Dr Willis, Miss Galbraith and 
Mr Chesterfield and recorded Dampiera sp. aff. 
scottiana in the vascular flora checklist and in 
the list of rare, interesting and restricted spe¬ 
cies. The latter list also records its three known 
localities—in uncommitted land south-east of 
McMillans Lookout and in the yet to be gazet¬ 
ted Avon Wilderness and Stringybark Creek 
Reference Area. 

Meanwhile, Rajput and Carolin were com¬ 
pleting their taxonomic project. Their paper, 
‘The genus Dampiera (Goodeniaceae): system- 
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Fig. 1. Dampiera galbraithiana holotype, MFL 503636. Reproduced with permission from the National 
Herbarium of Victoria (MEL), at the Royal Botanic Gardens Victoria. 
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atic arrangement, nomenclatural notes and new 
taxa’, was published in Telopea, the journal of 
the National Herbarium of New South Wales, 
in 1988. Their numerous new species included 
D. galbraithiana ‘named for Jean Galbraith, the 
Victorian naturalist’. As Galbraith (1976) had 
done 12 years earlier, Rajput and Carolin (1988: 
205) compared it to Victoria’s more widespread 
Blue Dampiera D. stricta: 

This species can be distinguished from D. 
stricta by its deeply dentate leaves and the 
appressed grey hairs on the outside of the corolla. 
Moreover the leaves are very seldom found in 
pseudowhorls as in D. stricta. 

Jean Galbraith was pleasantly surprised by her 
botanical honour. Recalling Evan Chesterfields 
first collection and her own somewhat hesitant 
determination of D. scottiana, she wrote to Jim 
Willis in August 1988: T heard no more of it 
and almost forgot it—so the description and 
name in Telopea really was a surprise’ (Fletcher 
2014: 250). 

After 1988 
This endemic Victorian dampiera was named 
in time for ‘Dampiera galbraithiana Rajput & 
Carolin’ to be included in the Goodeniaceae 
sections of Flora of Australia (Rajput and 
Carolin 1992) and Flora of Victoria (Jeanes 
1999). The Australian entry was written by 
Rajput and Carolin, and the Victorian by Jeff 
Jeanes, who also recorded the common name 
Licola Dampiera. 

Jeanes has collected the only D. galbraithiana 
specimen this century, in fact the only Australi¬ 
an Herbarium collection since 1984. As coordi¬ 
nator of the Victorian Conservation Seedbank 
(the local arm of the international Millennium 
Seed Bank Project of the Royal Botanic Gar¬ 
dens, Kew, England), Jeanes was searching for 
D. galbraithiana seeds in 2006 (Jeanes pers. 
comm. 24 February 2016). He photographed a 
plant in flower (see Front cover) and collected 
a specimen near McMillans Lookout on I De¬ 
cember (MEL 2296371). 

With such a limited distribution, especially in 
an area infrequently visited by hikers and bota¬ 
nists, it is not surprising that D. galbraithiana 
has been collected only occasionally and by few 
collectors. The eight MEL specimens and the du¬ 
plicates in other Australian Herbaria are from a 
mere seven collections made by four collectors. 

Herbarium specimens will endure, as will the 
name Dampiera galbraithiana in the univer¬ 
sal lexicon of scientific plant names. But what 
about survival in the wild? Fortunately its dis¬ 
tribution, although limited, extends into two 
reserves. And so it is to be hoped that the rare 
and threatened Licola Dampiera D. galbraithi¬ 
ana will survive climate change and other 
human-induced threats and endure in the wild. 
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Australian Alps: Kosciuszko, Alpine and 

Namadgi National Parks 

by Deirdre Slattery 

Publisher: CSIRO Publishing, Clayton South, Victoria 3169. 302 pages, paperback, 
colour photographs. Second Edition. ISBN 9781486301713 (paperback). RRP $45.00 

Australian Alps is a pleasure to read, providing 
an excellent introduction for those not familiar 
with the region’s history and nature and its im¬ 
portance in the cultural story of Australia. The 
Australian Alps, covering around 25 000 km2, 
extends for over 500 km from the ACT, through 
south-eastern NSW and into eastern Victoria, 
including the highest mountains in continen¬ 
tal Australia. For those of us who already know 
some parts of its story, this book provides an 
opportunity to gain a greater understanding of 
the myriad aspects of its diverse cultures and 
fascinating natural history. 

Across the 12 chapters, Deirdre Slattery ex¬ 
amines the importance of the regions climate, 
geology, flora and fauna, Aboriginal life, histo¬ 
ries of pastoralism and gold mining, its scientif¬ 
ic significance and use as a water resource, how 
it has come to be conserved and what it’s like to 
visit the three main parks: Kosciuszko, Alpine 
and Namadgi. The original edition of the book 
was published in 1998, and so a new edition is 
timely. In the second edition, the author incor¬ 
porates the latest research on this region along 
with the perspectives of those with decades of 
experience in the Alps, allowing us to reflect 
on how we are coming to better understand its 
natural and human histories as well as its value 
to the community and the threats it faces. 

As an alpine botanist, 1 took particular pleas¬ 
ure in reading the chapters on flora and fauna. 
They provide clear and effective introductions 
to the biota and ecology of the Alps. The insert 
‘case studies’ in each chapter, such as those on 
the mountain pygmy-possum, frost hollows, 
and two of the special endemic plants, the 
alpine marsh marigold and anemone butter¬ 
cup, add nice touches by providing additional 

AUSTRALIAN 
f\ I P Kosciuszko. Alpine and 
r\ Lb I Namadgi National Parks 

context to these iconic species and their pro¬ 
cesses of environmental adaptation. The author 
also highlights how, despite previous conserva¬ 
tion successes, locally indigenous biota is in¬ 
creasingly threatened by introduced animals, 
weeds and climate change. 

While keeping the style general to cater to di¬ 
verse readers, she has also done an excellent job 
in maintaining a high quality in the level and 
type of details published. There are also end- 
notes for each chapter and further reading in 
the two appendixes, giving readers an oppor¬ 
tunity to continue exploring topics covered in 
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the chapters. Having inspired readers to visit or 
revisit the region, the final chapter is devoted 
to how best see the Parks. It includes maps and 
details about where and when to visit, and what 
to do when there. 

The book includes over 140 photographs 
taken by the author or sourced from the his¬ 
torical and personal collections of people with 
a long involvement in the region. As well, 
there are a large number of figures and maps 

providing additional information. Reading this 
book will only add to our motivation to visit, 
conserve and enjoy this region of international 
significance. 

Professor Catherine Pickering 
School of Environment 

Griffith University, Gold Coast, Qld 4222 

The Bee Friendly Garden: Easy ways to help the bees 

and make your garden grow 

by Doug Purdie 

Publisher: Murdoch Books, Crows Nest, NSW, 2016. 208 pp. Colour illustrations. 
ISBN 9781743368 (Australia). RRP $45.00 

Gardeners, would-be gardeners—and hope¬ 
fully even non-gardeners—will be inspired by 
this books wealth of useful information about 
creating gardens that attract bees and other 
beneficial insects. We humans are dependent 
on bees, particularly European honeybees, to 
pollinate many of our food crops, including 
fruits and vegetables in suburban backyards. 
In urban areas, there is a worrying trend to use 
architectural* low maintenance plants rather 
than those that produce flowers in profusion 
and require pruning, feeding or replacing. This 
practice, along with the use of insecticides and 
weed-killing chemicals, produces sterile land¬ 
scapes that are of no use to bees or other in¬ 
sects. Alarmingly, bees are in decline in many 
parts of the world. 

The author explains how to help alleviate 
this problem, in twelve colourfully illustrated 
chapters: ‘Think like a bee’; ‘The birds and the 
bees’; ‘The war on weeds’; ‘The world of bees’ 
(includes native bee species); ‘Simple changes 
anybody can make’; ‘Let’s get gardening’; ‘Ed¬ 
ible plants’; ‘Native plants’; ‘Exotic plants’; 
‘Beehives and bee hotels’; ‘The good, the bad 
and the ugly—other garden insects’ (includes 
a brief word in support of spiders and wasps); 
‘Conclusion—the pollinator highway’. These 
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are followed by an appendix consisting of five 
pest control recipes, and an index. 

The chapters about edible, native and exotic 
plants contain illustrated guides to bee friendly 
plants, from ground covers to trees. Herbs are 
highly recommended because they are easy to 
grow, you can flavour your food with them, and 
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bees and other insects are attracted to the flowers. 
Gardens don’t have to be large: insects like 

small gardens too. Even in a small courtyard or 
a balcony, there are lots of plants that will grow 
in containers, provided they receive some sun¬ 
light. ‘Look for planting opportunities outside 
your front yard or apartment. Roadside verges 
and nature strips can provide fresh frontiers for 
forage and habitat’, Purdie advises (p. 91). 

But first, it is necessary to stop using pesti¬ 
cides and allow a few weeds to remain. It is also 
helpful to tolerate some of the ‘bad’ insects, be¬ 
cause they are prey for the good’ ones. Natural 
pest control is preferable to poisons. 

I enjoyed the chapter about beehives and bee 
hotels, particularly the section which shows 
how to create accommodation for native bees. 
I shall definitely try this, because where I live 
native bees seem to be declining in numbers. 

1 didn’t like the use of the term ‘bugs’ when 
referring to insects generally, though no doubt 

many of Purdies readers would see no problem 
with that. His so-called Cabbage ‘moth’ (Cab¬ 
bage White) is really a butterfly, and I find it 
difficult to believe that these insects would lay 
their eggs on eggshells (p. 184). I tested this idea 
by placing eggshells under our broccoli plants, 
and watched a female Cabbage White lay her 
eggs on the undersides of the leaves, completely 
ignoring the eggshells. 

'lhe Bee Friendly Garden has increased my 
pleasure in seeing masses of colourful flowers 
growing in gardens, bushland and other places, 
providing food for bees and other creatures. 
This is an attractive book, with transparent im¬ 
ages of bees on the front cover, and pages that— 
amazingly—smell of honey. 

Virgil Hubregtse 
6 Saniky Street 

Notting Hill 
Victoria 3168 

One Hundred and One Years Ago 

BEE-KEEPING IN VICTORIA.—The articles contributed to the Journal of Agriculture (Victoria) from 
January, 1912, to April, 1915, by Mr. F. R. .Beuhne, Government Apiculturist, have been reprinted as Bul¬ 
letin No. 31 of the Department of Agriculture, and form a handy manual of about 130 pages for anyone 
who intends taking up bee-keeping either as a business or as an addition to another occupation. The au¬ 
thor, however, modestly says it must not be regarded as a text-book of bee culture, but rather as a record 
of those methods which by experience have been found best suited to Australian conditions. It therefore 
forms just the sort of book wanted by the tyro in apiculture, and as an encouragement to the beginner his 
first sentence runs thus:— “No other rural occupation will give a better return lor the capital invested, and 
the labour applied, than bee-keeping, if intelligently pursued.” Later he says:— “Bee-keeping, if adopted as 
a calling by anyone having an aptitude and love for it, combined with good business methods, is a profit¬ 
able and fascinating occupation. If carried on in connection with some other rural industry, it is a valuable 
side-issue; if pursued as a hobby, it is highly interesting. Bee culture is, above all things, a healthy outdoor 
occupation of a not too laborious kind, to which many more might turn with whom city life and an indoor 
occupation do not agree, and who either do not possess the physical strength or the inclination to engage 
in some other more monotonous and laborious rural occupation." lhe bulletin has the merit of being 
well illustrated, so that one can hardly misunderstand the information it is desired to impart. The author 
remarks that Australia has such a splendid honey-producing flora that if bee-keepers will only go to it there 
is no need whatever to raise plants specially for honey. In Victoria only a fraction of the nectar produced 
annually by our native flora is at present being gathered by bees. This portion of the subject is now being 
dealt with in a series of articles by Mr. Beuhne in the Journal of Agriculture, and when completed will like¬ 
wise be issued in book form. It is curious, however, that one of our prettiest spring-flowering shrubs, the 
Manuka, Leptospennwn scoparium, yields a very poor grade of honey, fit only for manufacturing purposes, 
and country where much of this shrub exists should be avoided by bee-farmers. The value of bees to the 
orchardist, he says, can hardly be over-estimated, and successful orchard practice will never result until the 
work of the bee is recognized practically by the establishment or the temporary locating of bee colonies in 
or near every orchard. From the statements contained in the work under notice it seems that bee-culture 
should be a suitable occupation for many of our returned partially incapacitated soldiers, and as the uses 
of honey are extending every year there seems no reason why many of them should not lead happy and 
contented lives on their own bee-farms. 

From 'lhe Victorian Naturalist XXXIII, pp 62-63, August 10,1916 
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Alan Louey Yen 

20 May 1950 - 20 March 2017 

Dr Alan Louey Yen, who passed away on 20 
March 2017, was a well-known and highly- 
respected entomologist, and a former President 
of the FNCV. He served on FNCV Council for 
ten years, from 2001 to 2010, and took a leading 
role in many other Club activities over a period 
of almost 30 years. 

Alan earned his PhD from LaTrobe University 
under the supervision of Professor Tim New. 
His thesis focused on psyllid insects, and their 
interactions with Acacia host species. He joined 
the National Museum of Victoria (now Museum 
Victoria) in 1981, as Curator in the Invertebrate 
Survey Department. During his time at the 
museum, Alan was heavily involved in inverte¬ 
brate conservation, especially through the pro¬ 
motion of habitat preservation. He was also in¬ 
strumental in cataloguing the taxa of significant 
Victorian habitats so that the data were available 
both as a record and a tool for measuring envi¬ 
ronmental health. His special interests included 
the Eltham copper butterfly Paralucia pyrodis- 
cus lucida Crosby (Lcpidoptera: Lycaenidae), 
the giant Gippsland earthworm Megascolides 
australis McCoy (Opisthopera: Megascolecid- 
ae), the box-ironbark forests, and the grasslands 
on the western outskirts of Melbourne. 

Alan was passionate about integrating live 
invertebrates into museum exhibitions, and 
he was inspired by some of the invertebrate 
zoos and museums he had visited overseas, 
such as the Arizona-Sonora Desert Museum. 
He and his colleagues kept a collection of live 
spiders, scorpions and centipedes in the Inver¬ 
tebrate Survey Department at the Museums 
Abbotsford Annexe, and visitors from that 
period might fondly remember ‘Cuddles’, ‘Rover’ 
and ‘Bargearse’. Some of these pets eventually 
joined a blockbuster spider exhibition held at the 
Spotswood Science Museum in 1998, which was 
built around a state of the art quarantine facility. 
This allowed the inclusion of some spectacular 
foreign species, and proved that live animals 
were indeed a public drawcard for the museum. 

The current ‘Gallery of Life’ at Museum Victoria 
owes much to Alan’s ground-breaking vision. 

Alan left the Museum in 2001 and subsequent¬ 
ly joined the Department of Primary Industries 
as a Research Leader in Invertebrate Sciences. 
He was jointly appointed an Associate Professor 
at LaTrobe University, which allowed him to ful¬ 
ly pursue his many academic interests. He also 
acted as a Project Leader with the Plant Biosecu¬ 
rity Cooperative Research Centre. His contribu¬ 
tions from this time include a focus on the use 
of insects as food, both as a traditional dietary 
component of indigenous people, and their po¬ 
tential use by growing modern populations. It 
would not be surprising if his ideas about mass 
producing insects as a source of protein become 
reality in the future. 

Education and the popularisation of sci¬ 
ence were also important to Alan, both in his 
working life and in his roles at the FNCV. He 
co-authored several books, which ranged from 
highly specialised texts to identification refer¬ 
ence guides accessible to any interested per¬ 
son. Worms to Wasps: an Illustrated Guide to 
Australia's Terrestrial Invertebrates (with Mark 
Harvey and Graham Milledge), and Spiders 
and Scorpions Commonly Found in Victoria 
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(with Ken Walker and Graham Milledge) were 
two examples of the latter. He also supervised 
a number of higher degree students while at 
the museum and the Department of Primary 
Industries. Alans former students will help to 
continue his research legacy, along with Alans 
son Jian, who has become a talented ecologist 
in his own right. 

Alan joined the FNCV in January 1993, but 
his enduring connection with the Club began 
some years before that. In 1989 he published a 
paper in The Victorian Naturalist, the first of 25 
articles solely or jointly authored by him and 
published in the Clubs journal over a period of 
24 years, up to 2013. In that time he also acted 
on many occasions as a referee for submissions 
made to the journal, always offering insightful 
and helpful comments on the manuscripts. 

In November 2001, Alan was co-opted to 
join FNCV Council as a Vice-President, to fill 
a casual vacancy. He remained on Council in 
that capacity until May 2007, at which time he 
was elected President. After serving two terms 
in the chair, he stood down in May 2009, but re¬ 
mained on Council, once again as a Vice-Presi¬ 
dent until the 2010 AGM. During his decade of 
Council involvement Alan was instrumental in 
bringing about change to a number of aspects 
of Club operations. At the April 2002 Coun¬ 
cil meeting, Alan, an invertebrate ecologist, 
suggested that a new Special Interest Group 
be established, one that would focus on ter¬ 
restrial invertebrates. In the following month, 
the group was formed at an informal meeting, 
called to gauge the level of interest in the study 
of insects. Alan remained as Convenor of the 
group until April 2013. 

In 2004, Alan suggested that the FNCV adopt 
a ‘formal’ structure, which led to continuing dis¬ 
cussion within Council. His aim in proposing 
a re-structure was to make the workings of the 
Club more transparent and easily understood 
by the membership, particularly new members. 
Looking ahead, he was concerned that SIG activ¬ 
ities would decline unless the groups’ roles and 
functions became better known to members. 

Alan also had a keen sense of history, within 
both his area of scientific expertise and of the 
FNCV itself. In the months preceding the 125th 
anniversary of the Club in 2005, he was con¬ 
cerned that the FNCV had no formal history, 

and felt that we should commemorate our com¬ 
ing anniversary. He was the prime mover in 
staging a two-day symposium in May 2005, to 
mark this important anniversary. Assisted by a 
small committee comprising the Club’s Admin 
Officer, Mimi Pohl; Sheila Houghton, FNCV 
Librarian and Archivist; and Anne Morton and 
Gary Presland, two editors of The Victorian 
Naturalist^ Alan organised a programme of 17 
speakers over the two days of the symposium. 

In characteristic fashion, in his own paper to 
the symposium, Alan looked to the future rath¬ 
er than the past. ‘From cabinets of curiosities to 
black boxes: the future of the Field Naturalists 
Club of Victoria considered the prospects for 
the study of natural history, and what part the 
Club could play in that future. 

Alan also managed on occasion to blend his 
professional work with FNCV activities in his 
quest to preserve and promote history. In 2011, 
the FNCV published a long lost manuscript 
written in 1911 by Charles French, a natural¬ 
ist and founding member of the FNCV. Alan 
worked with colleagues to decipher the hand¬ 
written manuscript after it was found in the ar¬ 
chives of the Department of Environment and 
Primary Industries. The manuscript formed 
the long lost sixth volume of French’s seminal 
‘Handbook of the Destructive Insects of Victoria 
series. However, it was only after it was finally 
located and translated 100 years later that it 
could finally be published. 

Alan Yen will be sorely missed by his many 
friends and acquaintances in the FNCV — for 
his readiness to offer his expertise and knowl¬ 
edge to assist with Club activities, his prepared¬ 
ness to lead field excursions and give talks and, 
not least, for his gentlemanly demeanour and 
his sometimes wicked sense of humour. The 
Club extends its deepest condolences and good 
wishes to Alan’s wife Pam and their sons Luan 
and Jian, and their families. 

1 am pleased to thank Dr Melanie Archer, 
who has assisted me greatly in the preparation 
of this tribute; and Wendy Clark, who kindly 
provided the photograph. 

Gary Presland 
40 William Street, 

Box Hill, Victoria 3128 
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Letter to the Editor 

Review of Gillespie GR, McNabb E and Gaborov R (2016) The biology 
and status of the Large Brown Tree Frog Litoria littlejohni in Victoria. 

The Victorian Naturalist 133, 128-138 

Dear Editors, 

Scientists who are members of the Institute of 
Foresters of Australia have reviewed the paper 
and have found several parts that show clear 
lack of scientific rigour, as follows: 

Criticism of a paper (pp. 129-130) 
Gillespie et al (2016) are critical of the article 
by Powell and Sedunary (2013) for not provid¬ 
ing ‘information vital to the interpretation of 
their report. However, the intent of this report 
was not to provide detailed species and loca¬ 
tion data, it was to describe the development of 
a threatened fauna management framework. If 
Gillespie et al (2016) wanted specific location 
data, they could have consulted the Victorian 
Biodiversity Atlas, to which all the detection 
data was supplied. 

Criticism of consultant ecologists (p. 130) 
They cast doubts on the ‘rigour and reliability’ 
of the consultants who carried out the survey 
work on behalf of VicForests, as reported in 
Powell and Sedunary (2013). To back this as¬ 
sertion up, they quote Clemann and Gillespie 
(2012) who decided that a report of a rare frog 
species by consultant scientists (Urlus and 
Marr 2011) was ‘highly doubtful’. This was 
even though those authors heavily qualified 
their finding, suggesting that the site ‘warrants 
further investigation for the [frogs] potential 
presence’. This type of criticism of unnamed 
consultants is inappropriate. We strongly sug¬ 
gest that it is unworthy of publication in The 
Victorian Naturalist. 

Threats to frog populations (pp. 133-135) 
Gillespie et al (2016) detail presumed threats to 
the frog which may have contributed to its ap¬ 
parent decline. They quote only North Ameri¬ 
can references in support of their contention 
that logging has long term detrimental effects 
on amphibian populations. They acknowledge 
that assessing the impacts of forestry activities 
is difficult’, but then have no hesitation in listing 
forestry operations that they believe are ‘highly 
likely to adversely affect L littlejohni’. These 

statements (in quotation marks) are discussed 
as follows: 
(a) ‘The species is dependent on forest habitat 

for its survival and does not thrive in highly 
disturbed environments’. This statement 
appears at odds with Table 1 (p. 131) that 
shows that 7 of the 9 observations were in 
highly altered sites, i.e. road culverts, a road 
puddle and roadside ditches; 

(b) ‘Most historical localities of L littlejohni are 
in timber production areas, and most of the 
known habitat has been logged or fragmented 
by forestry operations. Most historical sites 
are in timber production areas, because, 
as stated (p. 129) by Gillespie et al (2016), 
the surveys in the period 1982-1992 were 
specifically targeted at areas that were to 
be harvested. Areas reserved from har¬ 
vesting, such as parks and streamside re¬ 
serves, and forests unsuitable for logging, 
understandably have fewer records even 
though they, no doubt, contain large areas of 
suitable habitat. Accordingly, the statement 
that ‘most of the known habitat has now 
been logged or fragmented’ must be seriously 
questioned; 

(c) ‘Habitat disturbance by logging affects mi¬ 
croclimate, and reduces shelter, food avail¬ 
ability and breeding habitats’. This statement 
ignores a number of aspects of timber har¬ 
vesting. Timber harvesting in East Gipps- 
land normally leaves a number of standing 
trees for habitat and/or seed (Sebire and 
Fagg 2009). Even after slash burning, a con¬ 
siderable amount of branch material is left 
on the ground. In addition, apart from the 
access roads and tracks, logging machinery 
creates depressions that often fill with water 
to create suitable breeding places. While 
parts of a logging coupe initially would be 
unsuitable frog habitat, retained understo¬ 
rey islands, and buffers around drainage 
lines and flowing creeks (DEPI 2014) would 
provide refuge. Following logging, regrowth 
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of both the eucalypts and understorey spe¬ 
cies in the wet forest types is rapid, provid¬ 
ing suitable habitat within a few years. 
Despite most current L. littlejohni localities 

being lentic water bodies created by forest 
management activities, the authors dis¬ 
miss the value of such artificial water bod¬ 
ies. The question arises, how did the frog 
breed before man accessed these forests? 
The authors are entitled to their opinions, 
but their lengthy discussion of the possible 
effects of timber harvesting is hardly war¬ 
ranted given that no causes and effects have 
been demonstrated; 

(d) ‘Fuel reduction burning, coupe burns and 
bushfires adversely impact on frog popula¬ 
tions’. The authors (p.l 34) state that ‘fuel 
reduction burning in Victoria is undertaken 
primarily to protect human life and private 
and commercial assets, rather than to main¬ 
tain natural fire regimes, including those in 
protected areas’. This is not true. Depart¬ 
ment of Environment, Land, Water and 
Planning (DELWP, the Victorian govern¬ 
ment department responsible for undertak¬ 
ing field reduction burning in conjunction 
(on public land) with Parks Victoria, states 
(see DELWP 2016) that planned burns are 
undertaken for a number of different rea¬ 
sons which include natural fire regimes 
(ecological burns), as follows: 

To reduce the risk of bushfires for the com¬ 
munity : In areas that have a high risk of 
bush fire, planned burns reduce the build¬ 
up of fuel and can protect life and property. 

To reduce fuel loads in forests: A different 
type of planned burn to reduce fuel loads in 
forests near areas where people live, work or 
undertake any kind of activity. 

To reduce the impact of severe bushfires: A 
new way of burning called Landscape Mo¬ 
saic Burning helps reduce the impact of 
severe bushfires and maintain the health of 
ecosystems. 

To maintain healthy native plant communi¬ 
ties and habitat for native animals: Some 
planned burns (ecological burns) main¬ 
tain healthy native plant communities and 
habitat for native animals. 

To re-establish harvested forests Planned 
burns also help re-establish harvested forests. 

Fuel reduction burning, however, is gener¬ 
ally unsuitable for the wet forest types, including 
rainforests, that are the main habitat of L. little¬ 
johni. We accept that most frog species have little 
defence against fire, but they must have survived 
periodic intense bushfires during past millennia. 
Coupe burning for regeneration (the last on the 
above list) is undertaken on less than 0.15% of 
the potential habitat annually, and thus is un¬ 
likely to be a cause of the major decline in frog 
detections in the last 20 years. 

Logging plans in East Gippsland (p. 136) 
... the Victorian Government has persevered 

with plans to log most of the remaining stands 
of old growth and commercially viable wet and 
damp forests in East Gippsland (Montreal Pro¬ 
cess Implementation Group for Australia and 
National Forest Inventory Steering Committee 
2013), the most likely refugia ofL. littlejohni.’ 

This statement is not correct, as one of the key 
outcomes of the Regional Forest Agreements was 
the reservation of 60% of all old-growth forests. 
For wet forests the 2009 assessment showed 78% 
of mapped Old Growth in the Comprehensive, 
Adequate and Representative (CAR) Reserve 
system and for Damp Forests the figure was 63% 
(Department of Sustainability and Environment 
2009). Some of the remainder is available for 
timber production and as described in Powell 
and Sedunary (2013) these are the areas targeted 
lor specialist fauna, surveys. 

In addition, the supporting reference cited 
(Australia’s State of the Forests Report 2013) 
contains no mention of plans to harvest the re¬ 
maining stands in question. It goes to lengths 
to explain the meeting of the 60% reservation 
targets. This is a serious case of a reference be¬ 
ing incorrectly used in an attempt to convince 
the reader of the veracity of the statement. 

In conclusion, we believe that, as this paper 
contains a number of debatable statements and 
errors of fact, it is our view that the entire paper 
requires expert review, including checking that 
references support the key statements or argu¬ 
ments. As it stands, the scientific merit in the pa¬ 
per has been compromised by lapses in scientific 
rigour. 
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Euan Ferguson 
Chairperson 

Institute of Foresters of Australia, 
Victorian Division, Melbourne 

Response to E Ferguson ‘Review of Gillespie GR, 

McNabb E and Gaborov R (2016) The biology and status 

of the Large Brown Tree Frog Litoria littlejohni in Victoria. 

The Victorian Naturalist Vol 133,128-138’. 

Dear Editors, 
In his critique of Gillespie et al. (2016), Euan 
Ferguson claims that scientists who are mem¬ 
bers of the Institute of Foresters of Australia 
reviewed our paper ‘and have found several 
parts that show clear lack of scientific rigour’. 
Firstly, if these scientists have indeed reviewed 
our paper, then why arc they not also signato¬ 
ries to the letter? Responding to commentary 
from critics who aren’t willing to be named is 
tricky, especially when they are questioning our 
scientific rigour. However, in the interests of 
balancing opinion and evidence I will attempt 
to address each of the criticisms levelled by Fer¬ 
guson and his unknown scientific colleagues. 

Criticism of a paper 
Ferguson and the unknown scientists misinter¬ 
pret what we were referring to by ‘information’ 
lacking in Powell and Sedunary (2013). My co¬ 
authors (McNabb and Gaborov) and I were not 
referring to detailed species and location data; 
we very clearly stated that the lacking informa¬ 
tion was, to quote: ‘(i) locations of the coupes 
were not provided, so* it is not clear how many 
of them were within the potential range of this 
species; (ii) no information on survey methods, 
timing or sampling effort for frogs was provid¬ 

ed so it is not possible to assess the adequacy of 
sampling; (iii) specifically who undertook the 
surveys is not reported, except that they were 
commercial consultants’ (p. 129). We are more 
than aware of how to access species location 
data. In fact that is precisely what we have done 
in preparation for the surveys reported. Powell 
and Sedunary (2013) made claims about the 
adequacy of the process that they reported on 
to assess the risks posed by timber harvesting 
to threatened species such as Litoria littlejohni. 
The abovementioned information is needed to 
evaluate those claims, but was not provided by 
Powell and Sedunary. However, Ferguson and 
the unknown scientists appear to have missed 
the key point here, in that not only does the 
Victorian Biodiversity Atlas (VBA) not contain 
the aforementioned information, but there are 
no records of L. littlejohni in the VBA as a result 
of the coupe assessment approaches lauded by 
Powell and Sedunary (2013). This is evidence 
that they have not validated their methods or 
demonstrated that those methods are effec¬ 
tive at assessing the occurrence of L. litteljohni 
with any statistical confidence in the vicinity 
of coupes. In order to make that assessment, 
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they would have needed to demonstrate that 
the methods detect the species most of the time 
that it is present, which in turn, would have 
generated records for the species for the VBA. 
There is no evidence of this occurring. There¬ 
fore we stand by our serious doubts about the 
rigour and reliability of that work. 

Criticism of ecological consultants 
In the last two decades there has been a pro¬ 
liferation of eco’ consultants and consulting 
companies. Much of the work conducted by 
these consultants are pre-impact surveys for 
threatened species when habitat is being de¬ 
stroyed due to clearing or otherwise affected by 
human activities, including logging. Although 
there arc some fine consultants, it is also evident 
that the skills and perhaps practices of many are 
questionable. With few exceptions the rigour of 
their biodiversity assessments, especially with 
respect to rare and threatened species, is poor 
due to inadequate statistical sensitivities of their 
survey methods (and also lacking in unbiased 
peer review). They frequently advocate sup¬ 
posed ‘mitigations’ that have not been proven 
effective, and have in some cases been demon¬ 
strated not to mitigate impacts (see Clemann 
2015, and examples and references therein). 
The exemplar citation of the claim by Urlus and 
Marr (2011), which was shown to be highly du¬ 
bious by Clemann and Gillespie (2012) is val¬ 
id. All information since the Urlus and Marr 
claim suggests that Clemann and Gillespie 
were correct. After Urlus and Marr claimed 
to have probably re-discovered the frog Mixo- 
phyes balbus in Victoria, some organisations, 
such as Zoos Victoria, were prepared to divert 
considerable financial resources in that area — 
resources that are desperately needed elsewhere 
in frog conservation in south-eastern Australia. 
Extraordinary claims require extraordinary ev¬ 
idence, and Urlus and Marr lacked any compel¬ 
ling evidence, and discounted alternative, more 
plausible explanations of their supposed re¬ 
cord. This is irresponsible behaviour from pro¬ 
fessional biologists. Yet one of these biologists 
has been employed by VicForests to conduct 
pre-logging surveys in Victoria. Consequently, 
this is a valid concern. 

Threats to frog populations 
Ferguson notes that we cited several North 
American studies in consideration of the del¬ 
eterious impacts on frogs of logging and asso¬ 
ciated practices. In the absence of studies from 
Australia, it is necessary and reasonable to infer 
from the best available information on the sub¬ 
ject. Those studies from other countries pro¬ 
vide plausible reasons to be concerned about 
the impact of logging on amphibians. There 
are other published studies and reviews that 
provide further compelling evidence that, in 
the absence of evidence to the contrary for spe¬ 
cific species, forestry activities arc likely to ad¬ 
versely alTect many frog species (e.g. Gillespie 
2002; Lauck et al. 2005; Gardner et at. 2007). 
Therefore, the Precautionary Principle applies 
— a principle that the Victorian Division of the 
Institute of Foresters of Australia should be fa¬ 
miliar with. This principle clearly states that if 
an action or policy has a suspected risk of caus¬ 
ing harm to the environment, in the absence of 
scientific consensus that the action or policy is 
not harmful, the burden of proof that it is not 
harmful falls on those taking an action that 
may or may not be a risk. Neither Ferguson and 
his unknown scientific colleagues, nor Powell 
and Sedunary (2013), have provided that proof 
with respect to Litoria littlejohni. 

The species is dependent on forest habitat 
for its survival and does not thrive in highly 
disturbed environments 
Ferguson and his unknown scientific col¬ 
leagues make the assertion that since L. lit¬ 
tlejohni has been found on occasion in some 
specific man-made habitats it must therefore 
be resilient to, or benefit from, timber harvest¬ 
ing. This is equivalent to reasoning that because 
a powerful owl flew over a logged coupe or a 
long-footed potoroo hopped across a logging 
track those species are also resilient to, or ben¬ 
efit from, timber harvesting. This argument 
is nonsense. The occurrences of L. littlejohni 
that we reported at man-made dams and road¬ 
sides reflect, by and large, where the vast ma¬ 
jority of sampling was undertaken in the study 
—near roads—the extensive network of which 
in Gippsland provided us relatively easy access 
to large geographic areas. Therefore this pat- 
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tern does not tell us much at all about the ac¬ 
tual breeding habitat requirements of the spe¬ 
cies, nor the relative breeding success of frogs 
that choose a man-made pool over a natural 
pool in the forest in which to breed. Follow¬ 
ing Fergusons reasoning one could argue that 
our failure to detect the species at most of the 
numerous fire dams and roadside ditches that 
we surveyed, including those at many historic 
sites, is evidence of general unsuitability of 
these habitats for L. littlejohni, and that these 
features fail to adequately provide for the eco¬ 
logical requirements of this species. Ferguson 
and his unknown scientific colleagues appear 
to have missed the main points here, which are: 
(i) that the species is extremely rare, and (ii) 
that information on its ecological requirements 
is currently inadequate to make broad assump¬ 
tions about its habitat needs or sensitivities to 
disturbances. 

Most historical localities of L. littlejohni are 
in timber production areas, and most of the 
known habitat has been logged or fragmented 
by forestry operations 
Ferguson asserts that ‘Areas reserved from har¬ 
vesting, such as parks and streamside reserves, 
and forests unsuitable for logging, understand¬ 
ably have fewer records even though they, no 
doubt, contain large areas of suitable habitat’ 
is predicated on two incorrect assumptions: 
(i) that we know enough about L littlejohni 
habitat requirements to make this assessment, 
which we don’t; and (ii) that prelogging sur¬ 
veys in the period 1982-1992 specifically tar¬ 
geted areas that were to be harvested. In fact 
prelogging surveys were generally undertaken 
in forest management blocks that had less than 
50% of their area logged at the time. Surveys 
were undertaken across the full suite of habi¬ 
tats present in those management blocks, not 
just those potentially available for timber har¬ 
vesting. Furthermore, as pointed out on p. 136, 
many forest management blocks included parts 
of reserves and protected areas, and these areas 
were included in surveys. Consequently these 
surveys were not exclusively focused upon 
areas or habitats to be harvested. It is clear 
from the VBA and from Fig. 1 in Gillespie et 
al. (2016) that a portion of the historic records, 
mostly derived from prelogging surveys, were 

in protected areas. Furthermore, the surveys 
that we reported on in Gillespie et al. (2016) in¬ 
cluded many sites in protected areas and other 
areas excluded from timber harvesting through 
prescription, and it is clear from those results 
that the species has declined in both protected 
and production areas. 

Habitat disturbance by logging affects 
microclimate, and reduces shelter, food 
availability and breeding habitats 
Ferguson states that ‘This statement ignores a 
number of aspects of timber harvesting.’ We did 
not ignore those aspects of timber harvesting to 
which Ferguson refers; we dismissed them out¬ 
right. Timber harvesting in East Gippsland may 
normally leave a number of standing trees for 
habitat and/or seed (Sebire and Fagg 2009), but 
the idea that these trees somehow provide refu- 
gia and meet the ecological requirements for a 
whole suite of forest-dependent species, let alone 
threatened species, is ludicrous! The primary 
intent of these standing trees is to provide seed 
for the coupes subsequent regeneration, not on¬ 
going critical habitat for threatened species. If 
these trees survive the coupe burn, they rarely 
survive the multi-decadal forest regeneration 
and recovery timeframe. Fergusons contention 
that branch material left on the ground that sur¬ 
vives a slash burn somehow provides habitat and 
refuge requirements of a frog species that is de¬ 
pendent on tall, mesic, structurally complex for¬ 
est is equally ludicrous, and we explained why on 
page 134 of Gillespie et al. (2016). These kinds 
of archaic arguments have been trotted out by 
the forestry industry and rebutted by ecologists 
for decades. It is disappointing that the current 
Chair of the Victorian Branch of the Institute of 
Foresters cannot see the forest (ecosystem) for 
the trees, and still clings to such simplistic and 
indefensible arguments. 

Ferguson and his unknown scientific col¬ 
leagues further contend that ‘apart from the 
access roads and tracks, logging machinery 
creates depressions that often fill with water 
to create suitable breeding places’ Firstly, how 
does he know that the depressions so created, 
even if they do fill with water, are suitable breed¬ 
ing habitat for L. littlejohni? We specifically ad¬ 
dressed this issue on page 134 and presented 
several arguments for why such waterbodies 
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may offer little or no reproductive benefit to 
species such as L. littlejohni. Ferguson then 
asks a surprisingly insightful question; ‘How 
did the frog breed before man accessed these 
forests?’ As we pointed out, not only do we not 
know much about their breeding requirements, 
apart from their apparent preference for repro¬ 
ducing in lentic waterbodies, but we know little 
about the potentially adverse impacts of timber 
harvesting and associated forest management 
practices. However, the marked decline of this 
species in the region means that there may well 
have been significant impacts, even though not 
yet well understood. Also, for Ferguson and his 
colleagues to postulate that the physical impacts 
of logging are likely to actually benefit L. little¬ 
johni betrays an ignorance of recent work that 
shows that an abundant native frog, Crinia sig- 
tiifera, which is an early coloniser of disturbed 
areas, acts as a reservoir host for the Amphibian 
Chytrid Fungus (Scheele ct al. 2016). It is highly 
plausible that the disturbance and destruction 
caused during logging facilitates the spread of 
C. signifera, which may exacerbate the impacts 
of the disease caused by this fungus. 

Ferguson goes on to suggest that ‘Following 
logging, regrowth of both the eucalypts and 
understorey species in the wet forest types is 
rapid, providing suitable habitat within a lew 
years’ Here Ferguson makes further simplistic 
assumptions about the ecological requirements 
of L. littlejohni, and unsubstantiated claims 
about ecological recovery of forests from clear- 
fell logging. Firstly, Ferguson demonstrates 
that he and his colleagues know little about the 
preferred habitat of this species, so how would 
he know the habitat would be suitable for L. lit¬ 
tlejohni? Secondly, what evidence is there that 
young regrowth is used by the species? As we 
pointed out, apart from broad vegetation types, 
the specific ecological requirements of this spe¬ 
cies are unknown, as is how or if young regen¬ 
erating forest can be used by this frog. To date 
there is no evidence of L. littlejohni populations 
flourishing in logging regeneration, nor of any 
of the factors mentioned by Ferguson amelio¬ 
rating the impacts of forestry operations on 
L.littljohni. On the balance of evidence that 
we presented on L littlejohni and, by inference, 
from other forest frog species, it is more likely 
that this species is dependent on relatively ma¬ 

ture or old-growth forest for survival. Mesic 
temperate forests subjected to logging typically 
take in excess of 100 years to develop ecologi¬ 
cally mature characteristics, such as tree hol¬ 
lows, and are expected to take in excess of 200 
years to fully recover from such disturbances 
(Woodgate el al. 1996). Overall Ferguson be¬ 
trays a poor understanding of the plausible 
impacts of logging and associated habitat dis¬ 
turbances, not only on L. littlejohni but forest- 
dependent species generally. 

Fuel reduction burning, coupe burns and 
bushfires adversely impact on frog 
populations 
We correctly state that the primary reason for 
undertaking fuel reduction burning is to re¬ 
duce fuel for the protection of human life and 
property. It is possible that some fuel reduction 
burns may have positive ecological outcomes 
for some species or communities. And at times 
specific ecological burns are undertaken to 
benefit or manage particular species or com¬ 
munities. The fact that some documents (e.g. 
DELWP 2016) make blanket claims about the 
supposed ecological benefits of some planned 
burns (often not fuel reductions burns), does 
not mean that this is true. There is an extensive 
body of literature from Australian studies dem¬ 
onstrating adverse impacts of fuel reduction 
burning on biodiversity values (e.g. Driscol et 
al. 1997; McCarthy et al. 1999; Driscoll et al. 
2010; Haslem et al. 2011; and references there¬ 
in). Fergusons assertion that logging coupe 
burning ‘is undertaken on 0.15% of the po¬ 
tential habitat annually’ does not make it clear 
as to whether the 0.15% refers to the whole of 
Victoria, the whole of the logged areas, or to 
only L. littlejohni habitat. However, burning 
of logged coupes does occur in areas where L. 
littlejohni potentially occurs, or might have oc¬ 
curred prior to logging. Furthermore, Fergu¬ 
sons suggestion that burning is thus ‘unlikely 
to be the cause of the major decline in frog de¬ 
tections in the last 20 years’ is spurious. Post¬ 
logging burning is but one potentially damag¬ 
ing element of the suite of disturbances arising 
from logging that we detail in our paper. It is 
the collective and interactive effects of forest 
management practices that we are concerned 
about and which are difficult to evaluate. 
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Logging plans in East Gippsland 
Fergusons claim that our statement on page 136 
that: ‘ ... the Victorian Government has perse¬ 
vered with plans to log most of the remain¬ 
ing stands of old growth and commercially 
viable wet and damp forests in East Gippsland’ 
is correct, arguing that logging practices are 
based upon targets set in the Regional Forest 
Agreements, and based upon assessments in 
the (CAR) Reserve system (Department of Sus¬ 
tainability and Environment 2009). However, 
at the time of those assessments, old growth 
forest in Gippsland and Victoria more gener¬ 
ally had already been drastically diminished by 
commercial logging. The current harvesting is 
a continuation, albeit the tail end, of a forestry 
industry that has resulted in most old growth 
forest in the state being logged. The fact that, 
at some point in recent history, some protec¬ 
tion has been given to a proportion of what was 
remaining does not change the overall pattern. 
We do not dispute the targets that Ferguson 
cites, but the fact that those targets and agree¬ 
ments exist does not mean that they are ecolog¬ 
ically justified nor that they provide adequate 
protection to all threatened species. As pointed 
out previously, the approach and shortcom¬ 
ings in the methods espoused by Powell and 
Sedunary (2013) certainly provide no further 
assurances. 

My co-authors and I are pleased that Euan 
Ferguson and the anonymous scientists of the 
Institute of Foresters of Australia are interested 
in the plight of threatened species affected by 
their industry’s activities. However, it is disap¬ 
pointing that the sophistication of their argu¬ 
ments and rebuttals have not progressed in the 
past 30 years or so. We look forward to a fu¬ 
ture where commercial forest management also 
genuinely acknowledges the biodiversity risks 
and uncertainties that it creates, and properly 
embraces the sustainability of biodiversity as 
part of its ‘sustainable forest management’ rhet¬ 
oric rather than seeking to discredit scientists 
who don’t share their perspective or interests. 

References 
Clemann N (2015) Cold-blooded indifference: a case study 

of the worsening status of threatened reptiles from Victo¬ 
ria, Australia. Pacific Conservation Biology 21,15-26. 

Clemann N and Gillespie G (2012) Response to ‘A call record 
of the Southern Barred Frog Mixophyes balbus from East 
Gippsland’ by Urlus and Mtfrr. Vie Victorian Naturalist 
129, 120-121. 

DELWP (2016) Victorias planned burning program, http:// 
www.depi.vic.gov.au/_aata/assets/pdf_file/0010/299863/ 
Victorias_planned_burning_program-fact-sheet-FINAL. 
pdf accessed 29 December 2016 

Department of Sustainability and Environment (2009) Final 
Report on Progress with Implementation of the Victorian 
Regional Forest Agreements (RFAs) An update to the De¬ 
cember 2009 Draft Report on Progress including additional 
information as recommended by the Independent Review¬ 
er - East Gippsland RFA, Central Highlands RFA, North 
East RFA, West Victoria RFA and Gippsland RFA http:// 
wwvv.dcpi.vic.gov.au/_data/assets/pdf_file/0017/300095/ 
Final-Report-on-Progress-with-Implcmentation-of-the- 
RFAs-20l4-FINAL.pdfaccessed 29 December 2016 

Driscoll DA, Lindenmayer DB, Bennett AF, Bode M, Brad- 
stock RA, Cary GJ, Clarke ME, Dexter N, Fensham R, 
Friend G, Gill M, James S, Kay G, Keith DA, MacGregor 
C, Russell-Smith J, Salt, D, Watson JEM, Williams RJ, and 
York A (2010) Fire management for biodiversity conser¬ 
vation: Key research questions and our capacity to answer 
them. Biological Conservation 143, 1928-1939. 

Driscoll DA and Roberts JD (1997) Impact of fuel reduction 
burning on the frog Geocrinia lutea in southwest Western 
Australia. Austral Ecology 22,334-339. 

Gardner 'FA, Barlow J and Peres CA (2007) Paradox, pre¬ 
sumption and pitfalls in conservation biology: The impor¬ 
tance of habitat change for amphibians and reptiles. Bio¬ 
logical Conservation 138, 166-179. 

Gillespie GR (2002) Impacts of sediment loads, tadpole 
density, and substratum on the growth and development of 
tadpoles of the Spotted Tree Frog Litoria spenceri: an in- 
stream experiment. Biological Conservation 106,1-11-150. 

Gillespie GR, McNabb E and Gaborov R. (2016) The biology 
and status of the Large Brown Tree Frog Litoria littlcjohni 
in Victoria. 7he Victorian Naturalist 133, 128-138. 

Haslem A, Kelly IT, Nirnmo DG, Watson SJ, Kenny SA, 
Taylor RS, Avitabile SC, Callister KH. Spence-Bailey LM, 
Clarke ME, Bennett AF (2011) Habitat or fuel? Implica¬ 
tions of long-term, post-fire dynamics for the development 
of key resources for fauna ana fire. Journal of Applied Ecol¬ 
ogy 48,247-256. 

Lauck B (2005) Life-history studies and the impact of recent 
forest harvesting on two frog species, Crinia signifera and 
Litoria ewingii. Tasforests 16,83-94. 

McCarthy MA, Gill MA, Lindenmayer DB (1999) Fire re¬ 
gimes in mountain ash forest: evidence from forest age 
structure, extinction models and wildlife habitat. Forest 
Ecology and Management 124, 193-203. 

Powell CJ and Sedunary DN (2013) Development of a threat¬ 
ened fauna management framework across Victoria’s state 
forests. Australian Forestry 76, 10-15. 

Sebire I and Fagg P (2009) High Elevation Mixed Species 
in Victoria’s State Forests. Silviculture Reference Manual 
No.2, Department of Sustainability and Environment, Mel¬ 
bourne. 

Scheele BC, Hunter DA, Brannelly LA, Skerratt LF, Driscoll 
DA (2016) Reservoir-host amplification of disease impact 
in an endangered amphibian. Conservation Biology http:// 
dx.doi.org/10.1111 /cobi. 12830. 

Urlus J and Marr R (2011) A call record of the Southern 
Barred Frog Mixophyes balbus from East Gippsland. Vie 
Victorian Naturalist 128,272-275. 

Woodgate PW, Peel BD, Coram JE, Farrell SJ, Ritman KT, 
Lewis A (1996) Old-growth forest studies in Victoria, Aus¬ 
tralia: concepts and principles. Forest Ecology and Manage¬ 
ment 85, 79-94. 

Graeme R Gillespie 
School of BioSciences, 

The University of Melbourne, Victoria 3010 

l 


